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Abstract 
 
Saqar, Wedad Ali M.S. Department of Pharmacology and Toxicology, Wright State University, 
2014. Characterization of Small Conductance calcium-activated Potassium Channels in a 
Human Lens Epithelium Cell Line (B3). 
 
Small conductance calcium-activated potassium (SK) channels belong to the family of K
+
 
channels. They play a significant role in cell volume regulation and in lens homeostasis, and thus 
are associated with cataract formation. This study was designed to demonstrate the presence of 
the four different isoforms of SK channels (SK1, SK2, SK3, and SK4) in human lens epithelial 
(HLE)-B3 cell line using Western blot (WB), immunofluorescence (IF), and reverse transcriptase 
coupled to the polymerase chain reaction (RT-PCR). Cataract formation involves SK-mediated 
K
+
 loss and gain of Na
+
 ions by lens cells. Further, it has been shown in previous studies that the 
intermediate conductance (IK) channel also called SK4 mediates regulatory volume decrease 
(RVD). This research confirmed the presence of SK4 in HLE-B3 cells, and for the first time 
evidence of SK2 channels expression and localization in human lens epithelial cells is provided. 
This is indeed a novel finding as earlier reports showed SK2 expression restricted specifically to 
neuronal tissues. This finding contrasts with that in fetal human lens cells (FHL-124) which 
express SK3 but lack SK2 channels. Our studies in HLE-B3 cells, confirm absence of SK3. The 
expression pattern of SK isoforms in lens cells may provide the molecular basis for targeted 
therapeutics aimed at treating cataract. 
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1. Introduction and Background 
 
1.1. Growth and development of human lens epithelial cells (LECs) 
The lens is a unique transparent structure, considered the largest organ in the human body 
lacking direct blood supply (Wormstone et al., 2011 and Mathias et al., 2007). The main 
physiological function of the lens is to focus light from the cornea onto the retina, without 
interference from blood vessels, which absorb and scatter light (Mathias, Kistler, Donaldson et 
al., 2007).  As a result of lacking blood supply, the lens evolved its own internal micro-
circulation of ions and fluids to obtain its nutrients, with the flow of ions inward towards the 
poles and outwards at the equator (Mathias et al., 2007). The first structure of the lens is present 
at birth and continues to grow throughout life, but the rate of growth decreases considerably with 
age (Mathias et al., 2007). The human lens is the only ocular structure that arises from the 
surface ectoderm, with lens epithelium forming a single layer of cubical cells, which play a 
major role in maintaining the metabolic homeostasis and transparency of the entire lens 
(Andersson et al., 2000; Krag et al., 2003., Cheng Li et al 1995. Beebe et al., 1990. Lauf et al., 
2012). The lens capsule forms the outermost layer of the lens, is very elastic, surrounded by the 
basement membrane and thus serves as barrier providing protection against contaminants 
(Danysh, Duncan et al., 2009) or trauma. As lens epithelial cells (LECs) grow and elongate, they 
trans-differentiate from a single cell layer at the anterior surface area into hundreds of layers of 
lens fiber cells (LFCs) with their major cell organelles and nuclei lost, and preserving crystalline 
as the bulk protein of all lens cells, a transformation considered a vital stage for lens growth and 
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development (Lauf et al., 2005, Bhat 2001). During this progression the cells elongate many fold 
over the original length, and the new LFCs layer on the top of the older ones, permitting to 
estimate cell age and stage of development from the depth within the lens (Mathias et al., 2007). 
Beside the importance of formation of LFCs during morphogenesis, any disturbance in this 
process may cause several types of cataract such as congenital, diabetogenic and radiation-
induced cataracts (Weiss et al., 1975, Beebe et al., 1981). Accumulation of damage may impair 
the ability of LECs to protect LFCs from injury and oxidative stress that may be associated with 
formation of cataract (Harocopos et al., 1998). In the human lens there is an age-related 
difference between males and females relative to pathological susceptibilities, especially cataract 
formation, and also to physical trauma response. In females below the age of 50 years the 
incidence of cataract formation is lower than in males suggesting that age/gender-related 
hormonal changes may influence cataract development (Mathias et al., 2007). Interestingly, 
epidemiological studies show that women under hormonal replacement therapy have lower 
incidence of cataract formation compared with untreated females of the same age group (Duncan 
etal.,1997).
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Figure 1-Stages of Normal and Abnormal Lens Development.  
Cross section of the normal lens (upper section). Normal differentiation of mature lens fibers 
through processes involving de-nucleation where the nuclei and  major organelles such as 
mitochondria are lost and α-γ crystallins are increased providing a high refractive index to the 
lens (middle section). Abnormal lens fiber development due to retention of the nuclei and other 
organelles contributing to abnormal aggregation of crystallins and formation of vacuoles leading 
to a decrease of the angle of refraction and opacity (Bottom). [This Figure was reproduced with 
permission from (Liu). MUTAGENETIX (TM),   Beutler and colleagues Center for the Genetics 
of Host Defense, UT Southwestern, Dallas, TX] 
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1.2. Normal cell homeostasis in the lens 
Cellular homeostasis is of fundamental importance for the pathophysiology of the lens. 
The essential character of all living cells to remain healthy depends on cell volume constancy 
(VC), and requires adjustment of ions and water flow through transporters and channels (Lauf et 
al., 2008, Hoffmann et al., 2009). Disturbance of VC has been found to play a significant role in 
lens disease such as cataract. This concept is emphasized by the following observations. First, an 
increase of the expression of SK3 channels in HLE cells in patients with myotonic dystrophy 
type 1 (MD1) is associated with a high incidence of cataract and it may be explained due to 
osmotic perturbation (Rhodes et al., 2006). Second, dehydration caused by severe diarrhea is 
linked to increased incidence of cataract in the Indian subcontinent (Minassian et al., 1984)     
The Na/K pump   
 LECs contain high level of intracellular K
+
 and low level of Na
+
 ions, like most 
cells in living organisms, and this ratio of usually >10 is maintained by the Na/K pump 
(Mathias et al., 2007). The exception to this rule is the occurrence of high Na
+
/low K
+
 red 
blood cells in canines, bears, cats (including the African lion) and ruminants (Lauf, 2004). 
The Na/K pump is a membrane protein complex composed of an α1 subunit with ~100 
kDalton (Da) molecular mass, a beta subunit (~35 kDa)  and a gamma subunit (<10 kDa). 
The Na/K pump maintains high level of cellular K
+
 and low level of Na
+
 ions by moving 3 
Na
+
 ions out and 2 K
+
 ions into the cells, and thus is electrogenic and contributes to the 
negative membrane potential. Hydrolysis of ATP provides the necessary energy for this 
"active" vectorial ion exchange, accompanied by phosphorylation and conformational 
changes of the pump (Skou et al., 1998,  Lauf and Adragna  2012).  
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Cell volume regulation:  
6Cells survive by a fundamental property, their ability to regulate their own volume (Lang et al,. 
2007, Okada et al,. 2001). The hydrostatic gradient across the cell membrane in human and 
animal cells stays low (Lang et al., 2007). Mammalian cells have to attain their osmotic 
equilibrium across the cell membrane to avoid any swelling or shrinkage. Physiological and 
biochemical stimuli that lead to cellular water retention and swelling will stimulate regulatory 
volume decrease (RVD). On the other hand, any physiological and biochemical stimuli that 
cause cellular water loss and shrinkage trigger regulatory volume increase (RVI) (Lauf et al., 
2008, Hoffmann et al., 2009).  
1.3. Regulatory Volume Decrease (RDV) and Regulatory Volume Increase (RVI) 
 Cells have the ability to re-adjust their volume in case of osmotic swelling by RVD 
(Okada et al., 2001). Many channels are sensitive to cell volume changes. Cell swelling activates 
Ca
+2
-activated K
+
 channels, one of a group of three small and intermediate conductance- and 
voltage-independent K
+
 (SK and IK) channels, and of voltage dependent big conductance (BK) 
channels (Chimote 2010, Mongin et al., 2001). In LECs, like in many other cell types, RVD is 
accomplished mainly by KCl efflux induced by activation of K
+
 and Cl
- 
channels, and of K
+
-Cl
-
 
cotransport which results in water loss and cell shrinkage (Lauf et al., 2008, Adragna et al. 2004, 
Gamba 2005). Activation of SK channels and specifically IK channels have a fundamental role 
in cell volume regulation after osmotic swelling which is accompanied by a significant increase 
in cytosolic Ca
+2
 concentration (Okada et al,. 2001). In case of cell shrinkage, RVI  permits the 
cell to regain its normal physiological size. RVI stimulates Cl
- 
and K
+
 influx into the cell, and K
+
 
channels are closed (Candia et al., 2008). Here, NKCC plays a significant role shown to be 
responsible for the inward movement of Na
+
, K
+
 and Cl
-
 followed by water (Delpire 2000).   
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Figure 2- Cell volume regulation. 
Hyposomotic stress causes water influx and thus cell swelling. RVD is activated to restore 
normal cell volume by outward transport of K
+
, Cl
-
 and H2O. In hyperosmotic stress, water 
leaves and cause the cell to shrink. RVI is activated in order to regain normal cell volume 
through influx of Na
+
, K
+
, Cl
-
, and H2O. (Figure taken with permission of the publisher. From 
Okada et al. 2001, J. Physiol. 532, 3-16).  
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1.4. Pathology of the Lens (Cataract) 
 Cataract is responsible for the 50 % of blindness cases world-wide (Kaur et al., 2012) 
and, once established, currently can be only cured by surgery. It is defined as an opacity of the 
lens (loss of transparency), which can be complete or partial (Kyselove et al., 2004). In other 
words it can be general cataract affecting the entire lens or portions of the organ, such as nuclear 
cataract affecting only the center of the lens, or posterior or anterior cataract. There have been 
many previous studies that detected many factors such as UV light and oxidative stress leading 
to formation of cataract, in vivo and vitro. The pathophysiology behind cataract is complex. It is 
believed that most cataracts result from accumulation of stress-induced damage over the years 
leading to improper alignment of new lens fiber cells (LFCs) over the old ones (Kaur et al., 2012, 
Bhat 2001). It is well known that type 1 or 2 diabetic patients develop cataract which in part is 
ascribed to hyperglycemia-induced glycation of lens proteins associated with LFC damage due to 
carbohydrate-derived free oxygen radials (ROS) (Merriman-Smith, B.R et al., 2003). There are 
direct relationships between formation of cataract, UV light, oxidative stress, increase Ca
+2
, and 
loss of K
+
 and gain of Na
+
 accompanied by an increase in membrane fragility. There is evidence 
that loss of K
+
 may be mediated by small conductance K
+
 (SK) channels (Rhodes et al., 2006, 
Chandler et al., 2010). Although there are many studies ongoing about cataract and prevention, 
neither primary prevention nor medical treatment have been developed. Surgical removal of 
cataract remains the only choice (Kaur et al., 2012). Although cataract occurs mainly in the 
elderly, its prevalence is variable in th eprecense of certain conditions or diseases. For instance, 
myotonic dystrophy type 1 is associated with early onset of cataract by the age of 20. Beside that 
there are some medications to treat cataract such as phenothiazines which is a drug of choice in 
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schizophrenia. Some studies have reported that, schizophrenia itself is  linked with an increased 
risk of cataract (Rhodes et al., 2003).  
 
1.5. Myotonia Dystrophica and SK Channels  
Myotonic dystrophy or dystrophia myotonica (DM) is a chronic, highly variable, slowly 
progressing and inherited disease. The disease is a multisystemic disorder that is characterized by 
the wasting of the muscles, myotonia, heart conduction defects, diabetes and cataracts. Two 
types of DM are known: DM1 and DM2, DM1 is caused by CTG repeats exceeding 35 base 
pairs (bp) in the 3′ untranslated region of the DMPK (DM protein kinase) gene (Rhodes et al., 
2006, Martin & Dasta, 2006), whereas DM2 is due to expanded CCTG repeats in the ZNF (zinc 
finger) 9 gene (Gatchel and Zoghbi 2005).  Early developed cataract is the main feature of DM1. 
However, the underlying mechanisms are still not completely understood. It is believed that 
changes in the gene encoding for Ca
+2
 activated K
+
 channels protein may play a role. It has been 
shown in previous studies that an increase in expression of SK3 channels may be involved in the 
development of this particular disease (Rhodes et al., 2006). 
 
1.6. Small conductance Calcium-activated K
+
 (SK) Channels   
SK channel is an abbreviation for small conductance calcium-activated potassium K
+
 
channels. They are referred to as SK channels since they form single channel conductance that 
are small ranging from 10-60 pS (DiPiro, 2008, Pankaj Sah et al., 2007: Pierce et al., 2010). SK 
channels are considered as the largest and the most diverse superfamily of ion channels (Stocker 
et al., 2004). Their name also comes from the fact that they allow the potassium cation to cross 
cell membranes, as they open after  intracellular calcium increases through the N-type calcium 
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channels (DiPiro et al, 2008). Little is known about the molecular regulation of SK channel 
subunits (Ren, Anderson et al., 2005). These channels are widely distributed in the human body 
including in neurons and epithelial cells, and are responsible for after-hyperpolarization (Faber, 
Pankaj Sah et al., 2007). In any case, the activation of SK channels limits the frequency and 
firing of action potentials, which is considered critical for regulation. Based on their 
conductance, there are four types of SK channels detected in mammals: SK1, SK2, SK3, and 
SK4. The genes encoding SK channels are KCNN1, KCNN2, KCNN3, and KCNN4, 
respectively and each one of them has splice variants except SK4 (Pankaj Sah et al., 2007). SK 
channels are insensitive to membrane potential changes, but can be activated by small increases 
in cytosolic Ca
+2
 concentration even less than 500 nM (EC50 = 0.3 μM) (Palmer, O’Grady et al., 
2008; Faber, Pankaj Sah et al., 2007). Moreover, SK channels lack obvious Ca
+2
 - binding 
domains, in line with the concept that their activation is not mediated by direct calcium binding, 
but by binding to Ca+2-calmodulin.  
 
1.7. Structure of SK Channels  
SK channels have four sub-units that associate to form a tetramer and each of the four 
sub-units consist of six trans-membrane alpha helical domains that are hydrophobic (S1-S6). SK 
channels share similar membrane topologies with the pore region of voltage-gated K
+
 channels 
that are specific for potassium and sensitive to the voltage changes in the cell membrane 
potential of a given cell (Herrik, et al. 2008. Faber, Pankaj Sah et al., 2007). Among SK channels 
themselves, their structures are (80-90 %) identical to each other, excluding the N and C terminal 
regions (Faber, Pankaj Sah et al., 2007). They consist of six putative trans-membrane spanning 
domains and subunits (S1-S6), arranged in tetramers, with N and C terminals on the cytosolic 
   
10 
 
side of the plasma membrane (Palmer, O’Grady et al., 2008, Faber, Pankaj Sah et al., 2007, 
Pierce et al., 2010). The pore region located between S5 and S6 possesses the K
+ 
selective filter 
(DiPiro, 2008). Two residues in the pore region determine the sensitivity to apamin , an 18 amino 
acid neurotoxin of the bee venom (Palmer, O’Grady et al., 2008, Faber, Pankaj Sah et al., 2007). 
This sensitivity to apamin gives the SK channel well defined property (Pierce et al., 2010). 
Apamin is a peptide that inhibits the SK channels (SK1, SK2, and SK3) channels with different 
IC50 values, but not SK4 which is blocked by clotrimazole (Faber, Pankaj Sah et al., 2007, Pierce 
et al., 2010). The differential apamin sensitivities among SK1, SK2, and SK3 channels is related 
to two amino acid residues (aspartic acid [D] and asparagine [N])  located in the pore region:  
SK2 contains both residues which makes it the most sensitive to apamin (IC50 = 63 pM). SK 3 
contains only one amino acid residue (aspartic acid), which makes its sensitivity moderate (IC50 
= 10nM)   (Pierce et al., 2010).  
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Figure 3 A Schematic Diagram of the SK Channel Structure. 
The structure of SK channels consists of six hydrophobic trans-membrane alpha helical domains 
(S1-S6) that arrange in tetramers with N and C termini located on the cytosolic side of the 
plasma membrane. The P loop located between S5 and S6 possesses the K
+
 selective filter 
(Figure used with permission of the publisher from Faber et al., 2006). 
  
Pore 
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1.8. Regulatory Mechanisims of SK Channels 
Due to the unique structure of the SK channels, they may assemble either as hetero or 
homo-tetramers in groups of one or more sub-types. In any case, they are closely associated with 
calmodulin, a protein that confers the calcium sensitivity of these channels. Calmodulin interacts 
with the pore region between loop 5 and 6. The protein acts as sub-unit of the channel when 
bound to the cytoplasmic C-terminus region of the peptide known as the calmodulin binding 
domain (CaMBD)  (Stocker, 2004, Martin & Dasta, 2006). Calmodulin proteins bind 
phosphatase PP2A and caseine kinase CK2 which kinetically modulate calcium ion sensitivity. 
CK2 phosphorylates Ca
+2
-bound CaM at threonine (T) 80 residue of the SK channels, reducing 
Ca
+2
 sensitivity (Stocker, 2004, Wells, 2009). The threonine/serine phosphatase PP2A 
dephosphorylates T80 residues upon inhibition of CK2. Selectivity filter of sub-types of SK 
channels are highly conserved and are based on the GYGD (glycine, tyrosine, glycine, aspartate)  
amino acid sequence found in the pore-forming loop (Isoldi, Pereira, Visconti, & Castrucci, 
2004). 
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Figure 4. Schematic model representing SK-channel gating: 
This model shows the location of calmodulin protein that controls the open state of the pore 
region between S5 and S6. (Figure used with permission from Stocker et al., 2004). 
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2. Hypothesis and Specific Aims  
The loss of K contributes to the development of cataract. The loss of K
+
 is  mediated by 
small conductance K
+
 (SK) channels, however, their molecular identity has thus far not been 
established for cultured LECs. We hypothesize that SK 1-4 are present in cultured human LECs 
(B3 cells). 78This hypothesis will be tested by using immunochemical, molecular biology and 
functional assays To accomplish our hypothesis, we will follow two specific aims: 
2.1. Specific aim 1 (SA1)  
To demonstrate the presence of SK channels in cultured human LECs (B3) by using 
Western blotting and specific immunofluorescence. 
2.2. Specific aim 2 (SA2) 
To determine the molecular identity of SK channels expressed in HLE- B3 cells by using RT-
PCR coupled to sequencing.
   
15 
 
3. Material and Methods  
3.1. Reagents:  
3.1.1. Chemicals  
Sodium chloride (NaCl), potassium chloride (KCl), and dimethyl sulfoxide (DMSO) 
were purchased from Fisher Scientific (Fair Lawn, NJ). Tween 20 polysorbate was purchased 
from (VWR) international (West Chester, PA), and I block (Casein-based blocking reagent) from 
Applied Biosystems (Foster city, CA). Methanol from EMD Millipore (Billerica, MA). Fetal 
Clone III serum (FC III), minimum essential medium (MEM/EBSS), Trypsin 0.25 %, and 
Penicillin and Streptomycin were purchased from Hyclone laboratories Inc (Logan, Utah). 
 
3.1.2. Immunological and Molecular Tools 
Primary antibodies for SK1, SK2, SK3, and SK4 were purchased from Santa Cruz 
biotechnology (Santa Cruz, CA), and an additional set of primary and secondary antibodies for 
SK2, SK4 and SK4 peptide were obtained from Abcam (Cambridge, MA). Secondary antibodies 
were donkey anti-rabbit fluorescein isothiocyanate (FITC), mouse anti-goat (FITC), and goat 
anti-mouse tetramethylrhodamineisothiocyanate (TRITC) obtained from (Santa Cruz, CA).  Set 
of three primers for SK2 and SK4 were procured from Integrated DNA Technologies (Coralville, 
Iowa). M-PER mammalian protein extraction kit and HALT protease inhibitor cocktail kit were 
purchased from Pierce Biotechnology (Rockford, IL). Criterion cell, criterion blotter, and power 
pack basic power supply were purchased from Bio RAD (Hercules, CA). Lumi-light western 
blotting substrates were purchased from Roche Applied Science (Indianapolis, IN).
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 Glycosylation kit PNGase F was obtained from New England Biolabs (Ipswich, MA) Inc. 
Vectashield mounting medium with 4',6-diamidino-2-phenylindole (DAPI) for fluorescence was 
obtained from Vector Laboratories (Burlingame, CA). Culture flasks (T75 cm
2
) were purchased 
from Fisher Scientific (Fairlawn, NJ) and Petri dishes from Costar (Corning, NY). 
3.2. Cell culture 
Human lens epithelial cells HLECs-B3 were obtained from ATCC (American Culture 
Collection, Rockvile, MD). These cells were originally obtained from one year old infant and 
originally cultured and propagated by Andley et al. (1994), Cells were grown until  confluence in 
T75 cm
2
 flasks in MEM/EBSS medium containing 19.8 % fetal clone III and 1 % penicillin and 
streptomycin as antibiotics and placed in an incubator maintained at 5 % CO2 and 95 % air at 37 
o
C. Once confluent, cells were split at a ratio of 1:3 and trypsinized using 2 mL of 0.25 % trypsin 
and further propagated by placing the cell/trypsin mixture into a new T-75 cm
2
 flask and adding 
fresh medium.  
 
3.3. Protein extraction and protein assay 
HLECs-B3 were grown to confluence of in three 100 mm tissue culture plate. At room 
temperature (RT), from the three plates the cell suspension were removed and washed with 
phosphate buffer saline (PBS) three times. 1 mL of a mixture of MPER  and lysing solution 
containing HALT (1:100) was added to each plate with gentle shaking for 3 min at RT. Adherent 
cells were scraped off the plate using plastic cell scraper, then gently transfered into micro 
centrifuge tube, and sonicated 3 times and centrifuged 2 min at 14000 RPM in the centrifuge 
5415D (Eppendorf, Hauppauge, NY). The supernatant containing the cytosol was transferred to a 
new tube, and the pellet representing crude membranes plus nuclear materials was dissolved in 
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0.5 ml MPER solution containing 1 % CHAPS (a non-ionic detergent known to solubilize the 
membranes proteins by replacing membrane lipids). The crude membrane fraction was sonicated 
three times and centrifuged 2 min at 14,000 RPM at RT. Aliquots of 1 uL of each cytosol and 
crude membrane fractions were taken for protein analysis. 
3.4. Measuring protein concentration 
well plates, samples were loaded using bovine serum albumin (BSA) as standard as 
indicated in Table 1 below: Well plates were rocked for about a min and incubated five m at 37 
o
C and then the developed color was quantified using a spectrophotometer. Protein concentration 
of each sample was  calculated against standard curves relating absorbance with increased 
concentrations of BSA. Linear  regression analysis was then used to determine the slope of the 
curve in order to calculate protein concentration. 
 Bio-Rad Reagent(µl) BSA(1mg/ml) Total amount 
0 200 0 200 µl 
1 199 1 200 µl 
2 198 2 200 µl 
3 197 3 200 µl 
4 196 4 200 µl 
5 195 5 200 µl 
Table 1. Standard Dose- Response Curves for BSA for Protein Determination 
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3.5. Protein de-glycosylation 
Proteins were extracted from HLE-B3 cells using the Mem-PER protein extraction 
reagent kit in the presence of Halt protease inhibitors following the manufacturer’s instructions 
and protein measurement obtained by the BCA method. 25 μg of protein were placed 
microcentrifugue tubes containing 1 μL 10X glycoprotein denaturing buffer and the volume 
completed with water to 10 μL. The reaction was heated at 100 
o
C for 10 min to denature the 
proteins. Thereafter a total reaction of 20 μL was prepared by adding 2 μL 10X G7 reaction 
buffer, 2 μL 10 % NP40, 2 μL PNGase F to the previous 10 μL reaction, and water was added to 
a final volume of 20 μL. The reaction was incubated at 37
 o
C for 1 h and then centrifuged 15 sec 
at 13000 rpm. At this point  deglycocylated protein extracts were ready for electrophoresis. 
 
3.6. Western Blot (A) 
For WB analysis, B3 cells were grown to > 90 % confluence in 100 mm Petri dishes. 
Membrane and cytosolic proteins were extracted as indicated protein content determined. Cell 
lysates were combined in a 1:1 ratio with 2 x Laemmli SDS electrophoresis sample buffer 
(Sigma Aldrich, St.Louis, MO). About 25 μg of protein were loaded into each lane of 7.66 % 
PAGE and run for 90 min at 150 V in a vertical gel system at room temperature. Electrophoresed 
proteins were transferred to polvinylidene difluoride (PVDF) membranes at 4 
o
C for 24 h with 
current set to 70 mA. The next day the membrane was washed three times with Tris-buffered 
saline with tween (TBST), kept 10 min on a shaker each time, and then about 20 ml of skimmed 
milk was poured onto the membrane and incubated for 60 min with moderate shaking on a plate 
rocker at RT. Thereafter, the membrane was incubated for 24 h at 4 
o
C with primary antibodies 
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against different isoforms of SK channels (SK1, SK2, SK3 and SK4 diluted 1:200, 1:200, 1:500, 
and 1:200 respectively). The membranes were washed three times with TBST for 10 min on the 
shaker, and then incubated with secondary antibodies diluted 1:2000 for SK1, SK2, SK3, and 
1:1250 for SK4 for 2 h. Reactions were developed by using chemiluminiscence and  the images 
obtained by using Fujifilm image reader. 
 
3.7. Western Blots (B) 
Another protocol was followed for WB using 4-15 % gradient Criterion precasted. 
Protein membrane was isolated from B3 cell as mentioned above. These samples were denatured 
in LSB (Laemmli Sample Buffer), with 100 mM DTT added (1 part of DTT : 9 parts of LSB) , 
heated at 65 °C for 30 min and cooled at room temperature. Then, 20 µl of each sample were 
loaded  into the gel wells. The gels were run at 150 V for 90 min at which point the dye front 
reached the bottom of the gel. The gel was transferred to nitrocellulose membrane overnight, at 4 
°C and constant current of 70 mAmps. The next morning the nitrocellulose membrane was cut 
and the pieces were placed into the plastic container. All of the following procedures were done 
at room temperature with rocking: washed 3 times with 1X PBS and incubated with the I-block 
for 1 h. The blot was then incubated in the precense of primary antibodies, using a 1:200 dilution 
of both, goat polyclonal SK2 (in 1 % I block) or the rabbit polyclonal SK4 antibodies. Blots were 
incubated 24 h at 4°C. The next day, 2 quick washes with PBS-Tween and 3 times for 10 min 
each wash with PBS-Tween followed. Then blots were incubated with secondary antibodies, 
rabbit anti-goat for SK2 at a 1:2000 dilution, or goat anti-rabbit for SK4 at a 1:5000 dilution for 
120 min. The blots were again washed quickly twice with PBS-Tween, and 3 times for 10 min 
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each in PBS –Tween, and two times for 2 min with 1X assay buffer. Finally, blots were 
incubated in CDP-Star with Nitroblock (1:20 dilution) for 5 min and then put into the 
development folder, to be visualized on the new Bio-Rad Camera as per instructions. 
3.8. Immunofluorescence 
HLE-B3 cells were grown to 70 % confluence for 48 h in four chamber slides. On the 
second day, cells were fixed in 4 % paraformaldehyde (PFA)  solution containing 0.1 % Saponin 
for 30 min at 4
 o
C. The chambers were washed with 1 X PBS, and blocked with 3 % normal goat 
and rabbit serum for 60 min at 4
 o
C.  After that, serum was removed and  primary antibodies 
added at a 1:50, 1:100, and 1:200 dilution for SK1, SK2, SK3, and SK4 24 h at 4
 o
C. The next 
day secondary antibodies, FITC- and TRITC-labeled, were added and incubated in a light-
protected box for 2 h. Cells were washed with 1X PBS. Thereafter, chambers were removed 
from the slide and a drop of Vectashield containing DAPI was added and examined with a Nikon 
Eclipse E400 Epifluorescence microscope. The images were taken with magnification of 20X, 
60X, and 100X oil immersion. A Canon Rebel camera was used to take digital images, which 
were then processed by using GIMP 2.8 software. 
 
3.9. Primer design and preparation 
Oligonucleotide primers were designed based on human sequences of SK2 and SK4 
channels, to confirm the presence SK channels at the mRNA level. Three primer sets for human 
SK2 and two pairs for SK4 were synthesized, as shown in table below. Before opening the cap, 
primer tubes were briefly centrifuged at 11000 RPM to  collect the lyophilized product at the 
bottom and avoid loss of the DNA pellet, then the oligonucleotides were dissolved in 10 μM 
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Tris, pH 7.5 to make a 100 μM primer stock solution which was further diluted 1:20 in water to a 
final  for a 5 μM working solution for PCR..  
Primer Sequence Product size 
SK2 R ATTCTCTTCTAGCTACTCTCTGATG  
 SK2 L  GATGGATACTCAGCTGACTAAAAG 519 bp 
SK2 R1 ATTGGTTATGGTGACATGGT  
SK L2 TCTGAGCCTCAATGAAATCT 550 bp 
SK S ATTGGTTATGGTGACATGGT  
SK2 AS TGAGCCTCAATGAAATCTCT 554 bp 
SK4 S ACGTGCTTCTCTGCCTTGTT  
SK4 AS CATCACATTCCTGACCATCG 190 bp 
SK4 R ACGTGCTTCTCTGCCTTGTT  
SK4 L CATCACATTCCTCAGCATCG 540 bp 
GAPDH S GTGAAGGTCGGAGTCAACGGATTT  
GAPDH AS CACAGTCTTCTGGGTGGCAGTGAT 555 bp 
 
Table 2. PCR Primer Sequences for Human SK2 and SK4 Isoforms, and hGAPDH 
(positive control). 
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3.10. RNA Extraction 
Total RNA was isolated from HLE-B3 using RNeasy Protect Mini Kit (Qiagen, CA). B3 
cells (passage 37) were grown to 100 % confluence in T75 cm
2
 flasks and washed three times 
with sterile 1X phosphate buffer saline (PBS). Cells were collected in 1200 μL of lysis buffer 
(RLT) containing 12 μL of β-mercaptoethanol (Qiagen-GmbH, Germany) at (RT), and lysed by 
using an insulin syringe until the viscose suspension turned to liquid. Exactly 1200 μL of cold 
ethanol (ETOH) 75 % was added, and the mixture centrifuged at 14000 RPM in a Sorvall legend 
micro 21R centrifuge (Thermo scientific). The cleared lysates, were sequentially applied to 
Qiagen RNeasy midi columns (Qiagen GmbH). 500 μL of washing buffer (RPE) was added to 
the columns twice for washing and then the columns were centrifuged at 11000 RPM for 3 min. 
After each wash, the flow was discarded to guarantee the removal of the ethanol which is 
contained in the RPE wash buffer. The RNA trapped in the column was eluted with 50 μL 
RNase-free water, and stored in -80 
o
C. 
 
3.11. Synthesis of cDNA [Reverse Transcription (RT)] 
Complementary DNA (cDNA) was synthesized in vitro by using reverse transcriptase 
Superscript II (InvitrogenI) and the following procedure: 5 μL of water was added followed by 2 
μL (100 ng) of random hexamers, 1 μL of deoxyribonucleotide triphosphates (dNTP) mix, and 2 
μL of total RNA.  Samples were incubated at 65 
o
C for 5 min, and quickly chilled on ice. 
Thereafter, 4 μL 10X Reverse Transcriptase (RT) buffer was added, 4 μL of 25 mM MgCl2, 4 μL 
of 0.1 M dithiothreitol (DTT), 2 μL ribonuclease inhibitor (RNase OUT, Invitrogen, CA), and 2 
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μL (200 units) of superscript III RT. The whole reactions were incubated at 25 
o
C for 10 min, 
then at 50 
o
C for 50 min, and finally at 85 
o
C for 5 min. 
3.12. PCR 
Before starting, all of the PCR reagents were placed directly on ice. Tubes for positive 
and negative controls, and master mix were prepared. A negative control lacking RT was used  to 
verify that none of the PCR reagents were contaminated with genomic DNA. The human 
glyceraldehyde-3-phosphate dehydrogenase (hGAPDH) served as a positive control for PCR 
amplification. The PCR reaction was done in a final volume of 50 μL containing 2 μL of cDNA, 
5 μL of 10 X buffer, 1 μL 10 mM dNTPs, 1 μL of MgSO4 , 0.4 platinum polymerase (Pfx) 
(Invitrogen, CA), 1 μL ~ 50 pmol of specific human primers, and 40.6 μL of water. Samples 
were transferred to a thermal cycler, and PCR performed during 40 cycles, each consisting of 
denaturation at 95 
o
C for 20 sec, annealing temperature 58 
o
C for 30 sec extension at 68 
o
C /30 
sec. The PCR products were visualized in 2 % agrose gel electrophoresis containing 5 μL 
ethidium bromide for 90 min at 96 V. Images were taken using a Bio-Rad Camera. To determine 
the nucleotide sequence of each PCR product, PCR reactions were treated with ExoSap it to 
remove non-used primers and free nucleotides. The reaction was carried out in a 10 μL PCR 
reaction mix and  run for 30 min in a thermal cycler. Then the purified PCR products reactions 
were sent to Beckman Genomics center (Beverly, MA) for sequencing. The obtained sequences 
were analyzed using Blast (Basil Local Alignment Tool, http://blast.ncbi.nlm.nih.gov/Blast.cgi). 
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Table 3. Concentration of each component used in RT-PCR for SK2 expression. 
B3 = Human lens epithelia cells 
MT= mouse brain tissue 
  
Comp B3 
SK2 
S/AS 
B3 
SK2  
R/L 
B3 
SK2 
R1/L2 
B3 
Pos 
contro
l 
B3 
Neg 
contro
l 
MT 
SK2 
S/AS 
MT 
SK2  
R/L 
MT 
SK2 
R1/L2 
MT 
Pos 
contro
l 
MT 
Neg 
contro
l 
10X 
buffer 
5 μL 5 μL 5 μL 5 μL 5 μL 5 μL 5 μL 5 μL 5 μL 5 μL 
10mM 
dNTPS 
1 μL 1 μL 1 μL 1 μL 1 μL 1 μL 1 μL 1 μL 1 μL 1 μL 
MgSO
4 
1 μL 1 μL 1 μL 1 μL 1 μL 1 μL 1 μL 1 μL 1 μL 1 μL 
Pfx 0.4 μL 0.4 μL 0.4 μL 0.4 μL 0.4 μL 0.4 μL 0.4 μL 0.4 μL 0.4 μL 0.4 μL 
Water 40.6 
μL 
40.6 
μL 
40.6 
μL 
40.6 
μL 
40.6 
μL 
40.6 
μL 
40.6 
μL 
40.6 
μL 
40.6 
μL 
40.6 
μL 
cDNA  2 μL 2 μL 2 μL 2 μL none 2 μL 2 μL 2 μL 2 μL None 
hGAP
DH-
555 
none none None 1 μL 1 μL none none none 1 μL 1 μL 
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Component SK4 S/AS SK4 R/L Positive 
control 
Negative control 
10 X buffer 5 μL 5 μL 5 μL 5 μL 
10 mM dNTPs 1 μL 1 μL 1 μL 1 μL 
Mgso4 1 μL  1 μL  1 μL 1 μL  
Platinum Pfx 0.4 μL 0.4 μL 0.4 μL 0.4 μL  
Water 40.6 μL 40.6 μL 40.6 μL 40,6 μL 
hGAPDH-555 NONE NONE 1 μL 1 μL  
cDNA 2 Μl 2 Μl 2 μL  NONE 
Primer mix 1 μL   1 μL   NONE NONE 
Table 4 Concentration of each component used in RT-PCR for SK4 expression.  
 
3.13. Cloning of RT-PCR Fragments in Plasmids 
Purification of RT- PCR fragments HLE-B3, SK4 (S/AS) of 190 bp was done by loading 
the entire RT-PCR reaction into three lanes, of an agarose gel (2 %). Purification was done using 
Gen Jet plasmid mini prep kit (Thermo Scientific, Pittsburgh PA), and 1 μL of purified fragment 
was loaded into the 2 % gel to verify the efficiency of the prurificatiopn process. Thereafter, the 
PCR reactions were run using 1 μL of SK4 S/AS primer (190 bp), 0.5 μL of thermophilic 
bacterium Thermus aquaticus (Taq DNA polymerase) purchased from GenScript (Piscataway, 
NJ), 1 μL dNTPs, and 1 μL purified RT-PCR products. On the second day, pGEM cloning was 
performed by using 0.5 μL DNA fragments, 5 μL 2X rapid ligation buffer, 1 μL pGEM T vector 
(50 ng) procured from Promega (Madison. WI), and 1 μL T4 DNA ligase obtained from New 
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England BioLabs Inc. (Ipswich, MA). The volume was completed with water to a final volume 
of 10 μL and then incubated overnight. 
 
3.14. DH5a Transformation with pGEM SK4 Fragments (190 bp) 
One thawed tube of competent DH5a cells, purchased from Molecular Cloning 
laboratories MCLAB (South San Francisco, CA), was added to 2.5 μL of pGEM, SK4 fragments 
and then incubated on ice with casual swirl for 30 min Then the cells were heat-shocked for 45 
sec at 42 
o
C and then chilled on ice for 2 min 250 μL of room temperature (SOC) media, 
obtained from TEKnova (Hollister, CA), was added and incubated at 37
 o
C for 1 h at 230 rpm, 
and then the entire reaction was spread onto 2 plates (LB/Agar/Ampi). The plates were incubated 
overnight at 37 
o
C. Two colonies for each fragment was collected.  
3.15. Purification of Plasmids 
The clones were digested using 500 μg plasmid, 1 μL of 20 U DNA restriction enzyme 
(PstI) procured from New England Biolabs (Ipswich, MA), 2 μL of 10 X buffer 3, 0.5 μL of 
100X BSA, and completed to a final volume of 20 μL with water and then incubated for 3 h at 37
 
o
C. The digested plasmid was loaded onto a 1 % gel. 
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4. Results 
4.1. Characterization of SK isoforms in HLE B3 cells 
Our studies have elucidated the expression of SK channels isoforms (SK1, SK2, SK3, 
and SK4) in human lens epithelial cells at a transcriptional and translational (mRNA and protein) 
levels using RT-PCR, Western blot and immunofluorescence techniques.   
4.1.1. Western blots of the SK channels 
To test expression of the four different isoforms of the SK channels in HLE-B3 cells, a 
preliminary WB was carried out. Figure 1 shows immunoblot analysis of the four isoforms of SK 
channels, using cytosol, crude membrane and undissolved membrane (pellet). Figure 1A shows 
absence of SK1 and presence of SK2 in a cytosolic fraction. Three bands were observed at 146 
kDa, 90 kDa, and 60 kDa in a cytosolic fraction, and four bands were demonstrated in the crude 
membrane portion around molecular weights of 146 kDa, 90 kDa, and 58 kDa. The undissolved 
membrane fraction showed three bands of  molecular size corresponding to 146 kDa, 90 kDa, 
and 60 kDa. Figure 1 panel B shows undetectable SK3 expression in HLE-B3 while SK4 
expression was detected in two bands of the cytosol with a molecular mass of 120 kDa and 155 
kDa, and a single band with molecular weight 120 kDa present in the crude membrane fraction. 
Second, a WB was carried out for detection of SK2 protein in HLE-B3 cells on native cell 
lysates and cell lysates treated with PNGase F for de-glycosylation. In Figure 2, protein 
expressions of the SK2 in HLEB3 cells is shown. In Lane 1, the native cell lysates showed 
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expression of two bands representing the two isoforms of the SK2 of molecular weight of ~ 67 
kDa and 47 kDa and, additionally, two bands at molecular size of 120 kDa and 30 kDa were 
seen. However, lane 2 (cell lysates treated with PNGase F) displayed two bands at molecular size 
of ~67 kDa and 47 kDa. The conclusion from these results is that the SK2 protein is N-
glycosylated, and thus they were detected at a higher molecular weight in the native cell lysates.  
Third, a WB was performed to detect expression of SK4 in both FHL-124 cells (positive control) 
and HLE-B3 cells. Equal amount of protein (50 µg) was loaded in each well and probed with 
primary and secondary antibodies as described in the Materials and Methods.  Figure 3 shows 
immunoreactive SK4 protein in FHL-124 cells as previously reported (Lauf et al., 2008). Lane 1, 
native cell lysates, and lane 2 cell lysates were treated with PNGase F. Both lanes showed  SK4 
protein at the actual molecular mass of 47 kDa. However, the two lanes also showed two 
additional bands at molecular weight 140 and 260 kDa. Similar results were also obtained in 
HLE-B3 cells as shown in Figure 4, lanes 1 and 2 for native cell lysates that was  neither 
denatured nor treated with PNGase F. Lanes 3 and 4 contained deglycosylated cell lysates that 
were denatured at 100 
o
C and treated with PNGase F. The last two lanes, 5 and 6 are the control 
cell lysates that were denatured at 100 
o
C but was not treated with PNGase F. This was 
performed to  show changes that might occur in the protein during the denaturing stage. Lanes # 
1-6 showed expression of SK4 protein at 47 kDa and additional two bands stained approximately 
at molecular weight 140 kDa and 260 kDa. The two other bands most likely represent SK4 
fragments reacting with primary anti-SK4 antibody. To prove that the additional two bands were 
specific to the primary antibody, a blocking peptide for primary anti-SK4 was used. After 
comparing the results presented in the lanes # 1-6, it was shown that  the SK4 protein was not 
glycosylated as compared to SK2.  
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Fourth, WB was carried out to show the expression of SK4 protein in HLE-B3 cells in native 
membrane (incubated with rabbit primary antibody only), and positive control membranes 
(incubated with rabbit SK4 primary antibody and a blocking peptide for primary anti-SK4 for 2 
h). As revealed in Figure 5, lanes 1-3 were native cell lysates showing SK4 protein at molecular 
mass 47 kDa along with multiple bands which were also stained and detected at molecular size 
58 kDa, 140 kDa and 260 kDa. However, lanes 4-6 which were the positive controls, no 
detectable bands were shown where the blocking peptide abolished all the staining that was 
shown in lanes 1-3. indicating that the additional bands observed at molecular weight of 58 kDa, 
140 kDa and 260 kDa were specifically recognized by the primary antibody.  
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Figure 1 – Presence of SK channels isoforms in HLE-B3 cells 
SK isoforms protein expression in HLEB3 cells identified by WB. The cytosolic and membrane 
fractions were analyzed. SK1 was not detected but SK2 was present in both cytosolic and 
membrane fractions (Panel A). SK3 was not detected. In contrast SK4 was present in cytosolic 
and membrane fractions (Panel B). HLEB3 cell extracts were prepared as outlined in the 
Material and Methods section of this document. 
   
Panel A 
Panel B 
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Figure 2 – Presence of SK2 channel in HLE-B3 cells 
SK2 channel in HLEB3 cells were identified by WB in deglycosylated and native cell lysates 
using goat rabbit polyclonal  primary and rabbit anti-goat secondary antibodies at 1:2000 
dilution. 25 µg of total protein from B3 cells were loaded in each lane. Lane 1, native cell 
lysates, shows expression of 4 bands at molecular weight of ~ 120, 67, 47, and 30 kDa. In 
comparison to the deglycosylated cell lysates shown in lane 2, there were only two bands 
expressed approximately at size of ~67 kDa and ~47 kDa. 
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Figure 3 – Presence of SK4 channel in FHL-124 cells 
SK4 channel expression in FHL-124 cells as positive controls. SK4 rabbit primary and goat anti-
rabbit secondary antibodies were used to native cell lysates (lane 1), and deglycosylated cell 
lysates (lane 2). Both lanes (1 and 2) demonstrated SK4 expression as bands of molecular size 
~47 kDa, 140 kDa and 260 kDa.  
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Figure 4 – Western blot analysis of SK4 in HLE-B3 cells 
SK4 protein expression in HLE-B3 cells identified by WB in native (lanes 1 and 2), 
deglycosylated (lanes 3 and 4) and control samples (lanes 5 and 6). 50 μg of protein were  loaded 
in each lane. The antibodies used were rabbit polyclonal antibody 1:200 and HRP-conjugated 
goat anti -rabbit IgG at 1:5000 dilution. Lanes 1-6 demonstrated SK4 protein expression as bands 
of molecular mass 47 kDa, ~140 kDa and 260 kDa. Displayed are two lanes per condition.   
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Figure 5 –Western blot exploration of SK4 in HLE-B3 cells 
SK4 protein expression in HLEB3 as identified by WB in native membrane (lanes 1, 2, and 3) 
which were incubated for 2 h using rabbit polyclonal primary antibody (1:200 dilution) only. 
Positive control membrane lanes (4, 5, and 6) were incubated for 2 h using primary antibody 
(1:200 dilution) with a blocking peptide for primary anti-SK4. HRP-conjugated gt anti-rb IgG 
was used for both. As shown in lanes 1-3, SK4 is expressed as bands of 47 kD and 58 kDa, with 
another intensive diffuse band at ~140 kDa. In lanes 4-6, the blocking peptide abolished the 
staining of all molecular weight. (Displayed are three lanes per condition).   
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4.2. Immunolocalization of SK2 and SK4 Channels in HLE B3 Cells. 
Based on our Western blot result, we were able to show that in HLEC B3 cells, SK2 and 
SK4 channels are expressed in the cytosolic and membrane compartments. To further validate 
our, results we performed immuno-fluorescence (IF) experiments. Figure 6 shows 
immunoreactive of SK2 and SK4 in HLEC B3 cells. Both the SK2 and SK4 channels were 
placed at or near the plasma membrane as well as in the cytoplasmic vesicular compartment. To 
contrast the staining, nuclei were counterstaiuned with DAPI (Figure 6, Panels A and C). No 
immuno-labeling of SK1 and SK3 was detected in HLEC B3 cells (data not shown). This 
corroborated with our results obtained from WB experimentation. To rule out the possibility of 
non-specific staining, negative controls were performed. Negative controls contained only the 
secondary antibody in the absence of either SK2 or SK4 primary antibodies (Figure 6, Panels B 
and D). Our results suggest that the expression and localization of SK2 and SK4 identifies the 
two predominant isoforms involved in maintaining intracellular K+ ions homeostasis.  
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Figure 6. Immunofluorescence image of SK2 and SK4 channels in HLEC-B3.  
 Immunofluorescence image of SK2 and SK4 channels in HLEC-B3 (A) Primary antibody rabbit 
SK2 (1:100) and secondary antibody FITC donkey anti-rabbit IgG (1:200). DAPI stained the 
nucleus (blue staining). (B) In the absence of SK2 antibody and in the presence of secondary 
antibody FITC donkey anti-rabbit IgG (1:200). (C) Primary antibody rabbit SK4 (1:100) and 
secondary antibody FITC donkey anti-rabbit IgG (1:200). (D) In the absence of SK4 primary 
antibody and in the presence of secondary antibody FITC donkey anti-rabbit IgG (1:200).  
  
B 
D 
A
C 
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4.3. Molecular Evidence of SK2 and SK4 Channels expression  in HLE-B3 Cells 
RT-PCR was performed on cDNA synthesized from RNA extracted from HLE-B3 cells 
to examine the expression of SK channels at the mRNA level, and to validate that HLE-B3 cells 
indeed express mRNAs for SK2 and SK4. In a previous study, SK4 was shown in FHL-124 cells 
(Lauf et al, 2008). RT-PCR was performed using different sets of human primers. Figures 7 and 
8 show that SK2 and SK4 isoforms are expressed in HLE-B3 cells. This study has provided a 
novel evidence that the SK2 isoform, considered restricted to neurons, is also found in human 
lens epithelia cells.  
First, to determine SK2 primer specificityten different PCR reactions were performed. Figure 7 
shows the presence of SK2 mRNA in mouse brain tissue (positive control) in lanes 1 and 3 using 
the set of primers SK2 R1/L2 and SK2 R/L with expected sizes of 550 bp and 519 bp, 
respectively, but expression were found in lane 2 using SK2 S/AS. Based on this finding, it was 
determined that those two pairs of human primers were specific to SK2 mRNA. However, in 
HLE-B3 cells using the same set of primers that was used in mouse brain tissue, the result 
showed expression of SK2 mRNA in lane 3 only using SK2 R/L with predicted size 519 bp. 
Lanes 1-2 showed absence of  SK2 expression in HLE-B3 cells using SK2 R1/L2 and SK2 S/AS 
set of primers, respectively. GAPDH was used as a positive control. Both negative controls 
showed no bands verifying absence of contamination. The nucleotide sequence of mouse SK2 
showed 98 %  identity to the nucleotide sequence of human SK2 by using Blast, demonstrating 
primer specificity. 
Second, RT-PCR was carried out to demonstrate SK2 mRNA in B3 cells by using two pairs of 
human primers designed against human SK2 (SK2 R1/L1 and SK2 R/L). As shown in Figure 8, 
the HLE-B3 cells express SK2 mRNA of expected size of (519 bp). Notably, no mRNA was 
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found in these cells when using the primer set SK2 R1/L2 although it was working on mouse 
brain tissue indicating species-specificity of the primers chosen. The RT-PCR products from the 
HLE-B3 cells were sequenced and their identity confirmed. Thus the mRNA for SK2 was 
verified in HLE-B3 cells.   
Third, RT-PCR was carried out using two of sets of human primers (SK S/AS and SK4 R/L). 
The RT-PCR products were run on 2 % agarose gel stained with ethidium bromide. Figure 9 
shows the presence of mRNA of SK4 in lane 1 with DNA fragments 190 bp, exactly what was 
expected from the SK4 S/AS primer set. However, no mRNA of SK4 was expressed in lane 2 
using the pair set SK4 R/L. In lane 3, used as a negative control, no bands were seen, which 
showed that the reaction was not contaminated. GAPDH mRNA 555 bp (positive control) was 
detected in lanes 4. The RT-PCR product from HLE-B3 cells was sequenced to verify  identity. 
Since the DNA fragment size was below 200 bp, and very low in abundance the band could not 
be directly sequenced. Thus, there was a need to clone and purify the RT-PCR product. The 
fragment was cloned into plasmids and verified by restriction digestion. Figure 10- show 
restriction digestion reactions using 5 plasmids for SK4 bands of 190 bp. Lanes 1-3 and 5 show 
the expression of completely digested plasmid ~ 3190 bp, which indicated that these plasmids 
possess SK4 (the plasmid size is 3000 bp). However, in lane 4 the plasmid was incompletely 
digested. Furthermore to verify that the plasmids do contain the fragment SK4 (190 bp). First, 
PCR was carried out using the same set of human primers (SK4 S/AS 190 bp). Figure 11 shows 
PCR reaction performed in 1 %  agrose gel. Plasmids in lane 1-5 show expression of the SK4 
with the predicted size of 190 bp. Finally the plasmids were sequenced and their identity 
confirmed. 
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Figure 7: RT-PCR of SK2 Isoforms in mouse brain tissue and HLE-B3 cells 
RT-PCR products of SK2 using three sets of human primers in total RNA extracted from HLEB3 
cells and mouse brain. The RT-PCR products were run on 2 % agarose gel and stained with 
ethidium bromide. SK2 mRNA was found only in lane 3 using the primer pair SK2 R/L with a 
predicted size 519 bp. In lane 1 and 2, no mRNA of SK2 was obtained in HLE-B3 cells. 
However, in mouse brain tissue the SK2 expressed in lane 1 and 3 with primer set SK2 (R1/L2), 
and SK2(R/L) with predicted sizes 550 bp, and 519 bp, respectively. No expression was seen in 
lane 2. GAPDH mRNA was detected in the two conditions.   
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Figure 8: RT-PCR of SK2 Isoforms in HLE-B3 cells  
Reverse transcription-PCR analysis of SK2 isoforms was accomplished using two set of human 
primers (SK2 S/AS and SK2 R/L) and total RNA extracted from HLECs B3. The RT-PCR 
products were run on 2 % agarose gel. Lane 1 is 100 bp marker. In lane 2, no band was detected 
using the primer SK2 SR,/L2. Lane 3 shows mRNA of SK2 expressed using the primer SK2 R/L 
and it has the predicted size 519 bp. Lane 4 and 5 are negative and positive control, respectively. 
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Figure 9: RT- PCR of SK4 Isoforms 
RT-PCR was carried out using two sets of human primers (SK4 S/AS in lane 1, and SK4 R/L in 
lane 2) with total RNA extracted from HLEB3 cells. The RT-PCR products were run on 2 % 
agarose gel and stained with ethidium bromide. The mRNA of the SK4 channel was expressed in 
lane 1 using the primer set SK4 S/AS and was at the predicted size of 190 bp. No mRNA was 
detected in lane 2 using the primer SK4 R/L. Lane 3 is the negative control which verified that 
the PCR reagents were not contaminated with DNA. Lane 4 is the positive control GAPDH + 
cDNA with a size of 555 bp.  
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Figure 10: Diagnostic Restriction Analysis of Plasmids 
Plasmid DNA pGEM was digested with PSt I enzyme and loaded in 1 % agrose gel. 
Electrophoresis performed using triplicate marker (1 Kb). Lanes 1, 2, 3, and 5 show expression 
at approximately ~3190, which indicates that the plasmid possessed the DNA fragment of SK4 
(190 bp). Lane 4 showed incomplete digestion. 
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Figure 11. PCR Reaction of the Palsmids  
PCR was carried out using two sets of human primers (SK4 S/AS 190 bp) in 1 %  agrose gel. 
Lanes    of plasmids 1-5 shows expression of the SK4 with the predicted size of 190 bp. 
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Discussion 
This study was designed to explore the presence of various isoforms of the SK channels 
(SK1, SK2, SK3, and SK4) in HLE-B3 cells by using Western blot, immunofluorescence, and 
RT-PCR. In earlier studies the presence of SK3 and SK4 and absence of SK2 was reported in 
FHL-124 (Lauf et al 2008). In the current study we detected the presence of SK4 and SK2 
channels in HLE-B3 cells but no SK1 and SK3. Furthermore, the existence of SK2 in HLE-B3 
was reported for the first time. The absence of SK3 and the presence of SK2 in human lens 
epithelia cells might be illuminated by the following; first, the difference in age between two cell 
lines that may raise the possibility of SK2 appearance, and SK3 disappearance later in the life. 
Secondly, contamination induced by laboratory perhaps explains the presence of the SK2, but 
this is unlikely to have occurred since we have used different batches of cells in IF and RT-PCR.  
The first WB performed to detect the isoforms of SK channels in HLE-B3 cells (Figure 
1), revealed the presence of SK2 and SK4, and the absence of SK1 and SK3. However, the size 
of the demonstrated bands for both SK2 and SK4 are larger than expected and shows multiple 
bands at 146, 90, and 60 kDa for SK2, and at 155 and 120 kDa for SK4 (Figure 1), but the actual 
molecular mass for SK2 is 70 kDa and 30 kDa (two isoforms) and for SK4 is 47 kDa. This was 
explained by the following possibilities: 1). The protein may have a multiply modified forms due 
to glycosylation. 2) SK protein fragments and aggregates are reacting with their primary anti-SK 
antibodies. 3) Santa-Cruz antibody itself, as it was observed in our lab, stains additional 
nonspecific bands. 4) unreported splice variant might exist. To exclude the possibility of 
glycosylation, a second WB was conducted. The protein was treated with PNGase F for 
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deglycosylation. The set of primary and secondary antibodies were switched to different ones 
procured from Abcam. The observed result was that SK2 protein was indeed N-glycosylated and 
that’s why the stained bands with high molecular mass were displayed in the native protein 
(Figure 2). Yet, additional bands were still detectable. However, there was no specific blocking 
peptide available for the corresponding epitope to prove or reject the possibility that extra bands 
are linked to SK2 fragments and are reacting with its primary antibody. Another ambiguous 
question is which band actually corresponds to the second SK2 isoform, whether the 47 kDa 
band present both in native and deglycosylated states, or the 30 kDa band detected only in native 
state. However, the 30 kDa is the actual MW of the SK2b isoform, but we found the 
corresponding band only in the native but not in deglycosylated protein. As we have used the 
same concentration of protein in both the conditions, the only explanation for the absence of the 
30 kDa band in deglycosylated protein is the elevated temperature (to 100 
0
C) during 
deglycosylation that might have denatured the protein. But, it is also unlikely, since we have seen 
the band for the SK4 protein even in the denatured state (Figure 4).  
Regarding the SK4 protein, the expected molecular size of 47 kDa was demonstrated and 
it was concluded that SK4 was not glycosylated as we observed the identical molecular size in all 
lanes (both in native and deglycosylated states) (Figures 3 and 4). However, we have seen 
several nonspecific bands (140 kDa, 260 kDa) even with different primary antibody. Previous 
study from our lab on HLE-B3 cells also demonstrated the multiple bands at molecular mass of ~ 
75, 50, and 37 kDa (Lauf et al., 2008). Moreover, the manufacturer also observed these non-
specifics multiple bands with this anti-SK4 primary antibody. To prove this, primary anti-SK4 
was absorbed with a blocking peptide which abolished all the stained bands that were seen using 
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anti-SK4 (Figure 5), indicating the positive identification of SK4 fragments with anti-SK4 
antibody. 
Immunofluorescence was conducted using the same primary antibody as the used in WB. As 
shown in Figure 6, the finding is unequivocal that the HLE-B3 does indeed possess SK2 and 
SK4 and not SK1 and SK3. Figure 6 shows membrane and cytoplasmic staining for both SK2 
and SK4. Based on the immunological studies and from using two different antibodies it was 
concluded that the HLE-B3 cells express both SK2 and SK4 and not SK1 and SK3, at the protein 
level. 
Finally, RT-PCR was done to confirm the existence of both SK2 and SK4 mRNA in HLE-B3 
cells. The designed sets of human primers were examined for their efficiency using a mouse 
brain tissue as a positive control that expresses SK2 mRNA. As shown in Figure 7, the two 
human primer sets SK2 R1/L2 and SK2 R/L detected mRNA of SK2 at the expected level which 
shows that those two primers were efficient in detecting  SK2 mRNA. However, only the SK2 
R/L primer set detected SK2 mRNA in HLE-B3 cells. This occurred  despite the fact that the 
nucleotides for SK2 in both mouse brain tissue and HLE-B3 cells were shown to be 98 % 
identical using Blast. The reaction was repeated twice and yet only (SK2 R/L) could express SK2 
mRNA in HLE-B3 cells, as demonstrated in Figure 8. This was explained by that, there is a 
species-specificity of the primers chosen, adding to that, there is also could be that SK2 is 
expressed less in human lens than in mouse brain tissue. The reactions were sent for sequencing 
and the result confirmed their identity and absence of possible DNA contamination. The SK4 
mRNA expression was previously confirmed in FHL-124 cell line and thus was validated in our 
studies that utilized HLE-B3 cell line. Since the bands were detected at the 190 bp and due to the 
fact that the product was less than 200 bp, the cDNA sequence could not be obtained.   To rule 
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out the possibility of any ambiguous interpretation of the data and to prove that the HLE-B3 
indeed possess SK4 mRNA, plasmid extraction was performed. The isolated plasmid was 
digested with restriction enzyme that cuts at only one site  (PSt l) as revealed in Figure 10. The 
plasmid loaded in lanes 1, 2, 3, and 5 was shown to express SK4 cDNA. However, due to lack of 
complete digestion, the plasmid in lane 4 showed absence of SK4 cDNA.  The PCR reaction was 
sent for sequencing and the result confirmed SK4 identity.  
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Conclusions 
Cataract involves loss of K
+
, and gain of Na
+
 and increase in membrane fragility, and the 
loss of K
+
 has been shown to be mediated by small conductance K
+
 (SK) channels. In general 
cell homeostasis is an essential feature to protect the cell integrity, and loss of this feature may 
increase the risk of cataract development. Thus it has been shown before in FHL124 LECs that 
IK (SK4) mediates RVD (Lauf et al., 2008). This research confirmed the presence of SK4 and 
for the first time it reported the existence of SK2 channel protein, normally restricted only to 
neuronal tissue, in human lens B3 epithelial cells. Although previous work done in FHL-124 
revealed absence of SK2 and presence of SK3 and SK4 channels, the SK3 channel was absent in 
HLE-B3 cells, and the SK3 channel increased in expression in cataract human lens epithelial 
cells in patient with MD I. These findings suggest that detection of SK channel subtypes may be 
cell model-dependent, or that during maturation and pathology of lens cells, a switch in isoforms 
of SK channels expression may occur or still other causes may have to be explored.  
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